Detailed Experimental Methods
constantly stired. The resulting off-white powder was washed four times in water and once in ethanol. Table S1 summarizes the reaction conditions for the "Meso", "Medium", "Nano" platelet particles which were prepared similarly to the "Bulk" particles, but with different temperatures and EG concentrations.
All the samples were coated with 3wt% Carbon. For this, we thoroughly ground D-Glucose (Sigma) with the LFP. After that, the mixture was pressed into pellets and annealed in Ar/2wt% H2 at 600°C for 6h. The carbon coating was analyzed with a transmission electron microscope (FEI F30).
The preparation procedure of the delithiated LFP (FePO4) particles is provided in the following section. 
Determination of Particle Dimensions
To determine the LFP particle dimensions, scanning electron microscopy (SEM) images in secondary electron mode were taken using a Hitachi SU-8200. The lengths and thicknesses of up to 500 particles were then measured using ImageJ. For the "Nano" sample, atomic force microscopy was performed with a Nanoscope Dimension 3100 AFM. As many of the nanoplatelets lie flat on the substrate, the z-deflection of the cantilever was used to determine the particle thickness.
Analysis of Structural Defects
FTIR spectra were obtained with a Bruker Vertex 70 in an attenuated total reflection setup with the LFP power placed on a Ge single crystal. The symmetric PO4 stretching band was fit with a Gaussian function. X-ray powder diffraction spectra were measured in a 2ϑ range between 10° and 90° using a Rigaku Smart Lab diffractometer. Rietveld refinements were performed with Maud.
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Electrochemical Measurements
LFP electrodes were prepared by coating an N-methyl-2-pyrrolidone (NMP, Sigma) based slurry on an aluminum current collector. The slurry contained 70wt% active material, 20wt%
carbon black (Timcal Super C65), and 10wt% polyvinylidene fluoride (Kynar HSV900). This lead to typical uncalendered dry active coating thicknesses of 40-60µm with variation due to the different tap densities of the samples and thus different viscosities in the slurries. A glass fiber separator, electrolyte consisting of 1M LiPF6 in a 1:1 solution of ethylene carbonate and dimethyl carbonate (BASF), and a metallic lithium counter electrode completed the cell.
Galvanostatic electrochemical analysis was performed on coin cells using the Astrol Bat-Flex potentiostat.
Inelastic Neutron Scattering (INS) Measurements and Analysis
INS measurements were performed at the FOCUS time-of-flight spectrometer at the neutron spallation source SINQ, Paul Scherrer Institute, Switzerland. For the measurement, 2-3g of sample material were added in a cylindrical Al holder made out of a thin layer of Aluminum foil. A neutron wavelength of 2.4Å (i.e., neutron energy of 14.2meV) was used. Data collection time was 8-10 hours per sample. The resulting data were reduced using the Dave software. 3 In the software, the background of the empty holder was subtracted and the detector efficiency was taken in account by normalisation to a vanadium standard having similar geometry as the samples. Finally, the phonon density of states was obtained using the MSlice environment in Dave, where the appropriate range of the scattering vectors Q was selected.
Simulations
LiFePO4 phonon spectra were simulated based on the density functional perturbation theory 4 as implemented in VASP 5 , in conjunction with the Phonopy code. 6 The electron exchange and correlation energy were described using the PBEsol functional. 7 Valence electrons were described using a plane wave basis set with a cutoff energy of 500eV. The interactions between valence and core electrons were treated using the projector augmented-wave (PAW) method. 
Preparation of the FePO4 particles via Delithiation
For our FePO4 particles, we needed samples that were directly comparable to the LFP particles.
To achieve these requirements, we electrochemically delithiated our LFP samples by making composite electrodes and cycling them in pouch cells. The samples were then washed in an Ar glovebox.
The LFP electrodes were prepared with 80wt% active material LFP, 10wt% Carbon black The samples were then charged at C/50 to 4.2V followed with a potentiostatic step at that voltage, with the lithium from the LFP depositing directly on the copper foil. After charging, the pouch cells were transferred into the glovebox (Figure S2a) , where they were cut open and the layers of the cell were carefully separated. The copper electrode and the separator showed that lithium dendrites had formed during the charging process ( Figure S2b ). The delithated electrode was then scratched from the aluminum current collector of the cathode and collected in a centrifuge tube (Figure S2c, d) . NMP was added to the centrifuge tube to dissolve the PVDF, and the tube was sonicated in an oil-filled bath to facilitate this. The mixture was centrifuged to separate the light carbon black from the LFP. This process was then repeated until clean delithiated particles are is obtained at the bottom of the centrifuge tube ( Figure S2e) .
The powder was analyzed by XRD and SEM imaging ( Figure S3 ). The (020) peak indicated pure FePO4, and in the "Meso" only a small peak of leftover LFP is observed ( Figure S3b) . and "Meso" samples in the region of (020) and (210) peaks. We find some residual LFP phase in the "Meso" particles. The LFP phase is not present in the "Nano" phase due to the reduction of the LiFePO4/FePO4 miscibility gap. SEM images of the (c) "Meso" and (d) "Nano" sample. Figure S4 . Raman spectrum of carbon bonds in the LiFePO4 coating. We find a clear separation of the D peak and the G peak. Figure S5 . a) TEM image of the "Bulk" sample with b) the selected area diffraction pattern. c),d) TEM images of the "Medium" and "Nano" particle, respectively with the crystallographic [201] or [001] direction depicted, respectively. Figure S8 . Galvanostatic (dis)charge curves of the LFP samples used in this study for a rate of C/10 corresponding to a specific current of 17mA/g. The galvanostatic curves here are from the second C/10 cycle. Figure S9 . Rate-dependent discharge capacity of the samples used in this study. The dots show the average capacity from at least three cells from different slurries with the standard deviation depicted by the shading. The given rate was used for both charge and discharge.
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LFP Platelets: Size calculations
From the channel length L[010] (equal to the particle thickness) and the platelet diameter d(010),
we calculate size parameters P such as the aspect ratio and the percentage of atoms on the (010) surface. The error of all those parameters is then obtained via a first order Taylor expansion of the standard deviations of L[010] and d (010) (1).
a) Aspect ratio
We define the aspect ratio of the platelet particle, AR, as the ratio between d(010) and the channel length L[010]. With (1), the error of the aspect ratio, dAR, is then given by (3).
b) Atoms on (010) surface
To calculate the relative ratio of atoms on the (010) surface, n(010), we considered all atoms in the topmost unit cell of the (010) surface. Therefore, we calculated how many unit cells appeared along the b direction. This reduces the calculation to a one-dimensional problem and we can simply divide the two surface unit cells by all the unit cells along the b direction (4) with the error dn(010) (5).
c) (010) to entire surface ratio
The geometric (010) surface ratio, a(010) was calculated assuming that the particles are disks with a circular (010) face having diameter L(010). This assumption is motivated by the fact that the edges in the "Nano", "Medium", and "Meso" particles are rounded after annealing. For the diamond shaped "Bulk" sample this assumption is less accurate. The ratio of the top surface and the entire surface is:
d) Atoms on other surfaces
The calculation of the percentage of atoms on other surfaces than the [010] surface is more complex. Again, we assume circular disk shaped platelets with diameter L(010). The assumption enables us to study a two-dimensional cut along the (010) surface and measure the number of unit cells along the circle edge. As for the (010) surface, the number of atoms on the edge scales with the number of edge unit cells. The calculation of the edge unit cell number, however, is more difficult than before due to the orthorhombic unit cell of LFP (which in our 2D picture becomes rectangular). Since the lattice vectors c and a do not match, a different amount of unit cells will be found along every direction of the circular disk. This is equivalent to the case of having an ellipse with a square unit cell, which makes calculations easier ( Figure S10 ).
Therefore, we apply the coordinate transformation
with
that transforms the circular disk in an ellipse with the two semi-minor axes ra and rc. These axes represent the number of unit cells along these directions. Therefore, the number of surface atoms not on (010) is given by the ratio of the transformed ellipse circumference, Cell, and the ellipse area Aell. Figure S15 . FTIR spectra in the P-O vibrational range of the "Nano", "Medium", and "Bulk" samples show that the right-most peak is positioned at around 980cm -1 , suggesting the same antisite defect concentration in the three samples. Note, that the Li3PO4 impurity in the "Nano" sample leads to a shoulder at 1050cm -1 . Figure S16 . X-ray diffraction spectra of "Bulk", "Medium", and "Nano" LFP. We find that the samples are single phase LiFePO4 except for the Li3PO4 impurity in the "Nano" samples (marked with an asterisk). Figure S18 . Rietveld Refinements of the "Bulk", "Medium", and "Nano" LiFePO4 samples used in this study. For all the three samples the unit cell volume does not change significantly, indicating a similar defect concentration and small strain effects. 
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